In this work it is reported the improvement of the thermoelectrical properties of bulk samples of composition Bi 2 Sr 2 Co 1.8 O y and Bi 2 Ca 2 Co 1.7 O y , when they are properly textured by a directional solidification process, assisted by laser (laser floating zone melting method). Samples composition and microstructure aspects have been studied using X-ray diffraction and scanning electron microscopy. Thermoelectric properties have been measured between 4 and 300K by the simultaneous determination of the electrical resistivity and the thermopower. All the textured samples show a remarkable increase of the power factor values, as compared to the conventional sintered ceramics.
INTRODUCTION
good grain orientation by directional growth from the molten material, as it can be performed by a directional solidification from the melt, induced by laser. 10 In this paper, we report the main microstructural and thermoelectrical results obtained (Panreac, 98 + %), SrCO 3 (Panreac, 98 + %), and Co 2 O 3 (Aldrich, 98 + %) powders as starting materials. They were weighed in the appropriate proportions, mixed and ball milled for 30 minutes at 300 rpm in an agate mortar. In order to assure the total decomposition of carbonates, the mixed powders were thermally treated twice at 750 and 800ºC for 12h under air, with an intermediate manual milling. This thermal treatment is of the main importance, as it has been designed to decompose the calcium and strontium carbonates, avoiding their presence in the Laser Floating Zone (LFZ) process. Otherwise they would decompose in the melting process, leading to bubble formation inside the liquid phase and, more important, disturbing the crystallization front. The so obtained powders were then isostatically pressed at 200
MPa for 1 minute in order to obtain green cylindrical ceramic bars, which were subsequently used as feed in a LFZ device equipped with a continuous power Nd:YAG solid sate laser (1.06 μm) and described elsewhere.
11
The texturing processes have been performed downwards with a growth speed of 30 mm/h. In order to assure the compositional homogeneity of the molten zone and maintaining constant the textured rod diameter, the feed has been rotated at 15 rpm.
The use of this relatively high crystallization rate implies that the growth process is not produced in a totally equilibrium condition. For this reason, the obtained textured cylinders are formed by the most stable phase, but also accompanied by other phases (secondary phases). In spite of that multiphasic composition, the LFZ process 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 produces long (more than 20 cm) textured cylinders have been obtained, with c.a. 2 mm diameter. These bars were finally cut to obtain samples having the adequate dimensions for their characterization.
Powder X-ray diffraction (XRD) patterns have been systematically recorded in order to identify the different phases in the thermoelectric textured materials. Data have been collected at room temperature, with 2θ ranging between 10 and 40 degrees, using a Siemens Kristalloflex diffractometer working with Kα Cu radiation. Electrical resistivity measurements were performed longitudinally on textured cylinders using the standard dc four-probe technique at temperatures between 5 and 400K, with no applied external field, in a Physical Properties Measurement System (PPMS) from Quantum Design. Thermopower (TEP or S) measurements were performed at temperatures between 5 and 300K in an experimental setup described elsewhere. 12 With the electrical resistivity and thermopower data, the power factor (PF) has been calculated (PF = S 2 /) in order to determine the samples thermoelectric performances.
RESULTS AND DICUSSION
XRD has confirmed that the cobaltite phase is the major one, independently of the composition, showing very intense peaks for the (002l) planes. These diffractions indicate that the cobaltite grains have a plate-like shape, with preferential growth along the ab plane. This growth habit is clearly confirmed with the micrograph displayed in Fig. 1 , showing a representative fractured longitudinal section of a textured sample. In this figure, it is possible to observe that grain lengths in the ab plane can easily exceed 100 m.
The polished longitudinal surfaces of the textured bars are shown in Fig. 2 bigger and better oriented grains that the first one. When this figure is analysed more in detail, it is possible to find some more differences between the two compositions.
In The temperature (T) dependence of the resistivity (ρ) of the textured materials, as a function of the composition, is shown in Fig. 3 . As it can be easily seen, the ρ(T) curves exhibit a semiconductor-like behaviour from low to high temperature, characterised by a d/dT < 0, independently of the nominal composition. This semiconducting behaviour is in agreement with earlier reports on these cobaltite systems. 7, 13 The resistivity values decrease from the Ca-containing samples (about 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 the values reported in the literature for these type of materials. These apparently contradictory results for these highly textured materials can be associated to the presence of secondary phases (normally not present in adequately sintered materials), and to a different oxygen content compared to the sintered specimens. On the other hand, a more detailed observation of the graph shows a slight deviation from that behaviour for the Sr-containing samples, between 150 and 250K, where a change on the sign of d/dT is produced, which is in agreement with a more metalliclike behaviour, as it has been previously reported, as a function of the size of the alkaline-earth cation. 14, 15 In both cases the samples show a three dimensional Mott variable range hopping (VRH), ln   T -1/4 in the low temperature range. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 
